Glucoamylase is considered to be an important enzyme as to the formation of a good taste of the product. Although the enzyme is well known to be produced by the genera of Aspergillus,5~~1) Rhizopus8, Mucor9) and Penicillium,l0) information on the enzyme produced by the genus Monascus is limited. Here we describe the purification and properties of two forms of glucoamylase from the Monascusfungus which is used for making tofuyo. Soluble starch was obtained from WakoChemicals, Japan DEAE-Sephadex A-50, SP-Sephadex C-50, CMSephadex C-50 and Sephadex G-75 from Pharmacia, Sweden, and DEAE-cellulose from Nakarai Chemicals Japan. All other chemicals were of analytical grade. The microorganism used throughout this study was Monascus sp. No. 3403, which was isolated in our laboratory from red koji from Hong Kong. Culturing of the microorganism was carried out as previously reported.n Glucoamylase activity was assayed using soluble starch as a substrate. The reaction mixture, containing 0.6 ml ofa 1 % soluble starch solution, 0.2 ml of Mcllvaine buffer (pH 5.0) and 0.2ml of the enzyme solution, was incubated at 37°C for lOmin. The reaction was terminated by the addition of 1 ml ofa 0.1 m sodium hydroxide solution. The supernatant was evaporated off and the solid material was dissolved in an aliquot of deionized water. Then the resultant solution was spotted on to a paper, and followed by descending development with a solvent of «-butanolethanol-water (9 : 1 : 10, v/v/v). The sugars were visualized with alkaline AgNO3 or aniline hydrogen phthalate reagent. Purification of the enzyme was performed at 0~5°C.
Step 1. Enzymeextraction. The enzyme was extracted as follows; red koji (1.5kg) was suspended in 4.5 1 of 10mM citrate-20niM sodium phosphate buffer (pH 6.0) for an hour at room temperature (25°C). The insoluble residue was removed by filtration through cloth and centrifugation, and then supernatant obtained was used as the crude enzyme.
Step 2. DEAE-cellulose column chromatography. The enzyme solution was placed on a DEAE-cellulose column (5.2 x 24cm) equilibrated with the buffer employed for the extraction of the enzyme from the koji. Elution was carried out with the buffer solution mentioned above. The active fractions were combined and then concentrated by ultra filtration (Amicon, PM-10). The concentrate was dialyzed against 10 mMcitrate-20 mMsodium phosphate buffer (pH 5.0). The insoluble material formed during the dialysis was removedby centrifugation.
Step 3. DEAE-Sephadex A-50 column chromatography. The enzymesolution was applied to two DEAE-Sephadex A-50 columns (2.6 x ll cm and 2.2 x 8.3cm, respectively) equilibrated with the dialysis buffer. Elution of the first columnwas carried out with the buffer solution mentioned above (peak 1, p-1). After the column had been washed thoroughly with the same buffer, the enzymewas eluted with the buffer supplemented with 0.10m NaCl (peak 2, p-2). It was found that the two enzymes (p-1, p-2) were separated from the Monascus-pigment in this step. Elution of the second column was carried out as the same manner of the first column. Then each active fractions were combined. The enzyme solution (p-1), which comprised the major active fractions, was subjected to the following purification steps, After the enzyme solution had been concentrated by ultra filtration, it was adjusted to pH 3.5 with a 0.10m citric acid solution.
Step 4. SP-Sephadex C-50 column chromatography. The enzyme solution was placed on a SP-Sephadex C-50 column (2.6x 7.0cm) equilibrated with lOmMcitrate20mMsodium phosphate buffer (pH 3.5). After the col- umnhad been washed thoroughly with the same buffer, the enzyme was eluted with the buffer at pH 3.5 (peak 1-1) and then with the buffer at pH 4.0 (peak 1-2). The active fractions were collected and then the enzymes were concentrated by ultra filtration, respectively.
Step 5 Both the purified enzymes, GA-I and GA-II, were found to be homogeneouson disc-gel electrophoresis and ultracentrifugation (Fig. 1) . The sedimentation coefficient of GA-I, calculated for water at 20°C and zero-protein concentration, was 4.1 S. The molecular weights of GA-I and GA-II were determined to be 52,000 and 51,000 by the Sephadex G-75 gel filtration method ofAndrews. and GA-II: Mr 49,0009)). The molecular weights of the polypeptide chains of GA-I and GA-II were estimated to be 53,000 and 54,000 by sodium dodecyl sulfate (SDS) gel electrophoresis, respectively. Whenthe enzymes were incubated with 1.0% SDS in 0.05 m sodium phosphate buffer (pH 7.2) containing 1.0% 2-mercaptoethanol and 25%
glycerol at 37°C for 12 hrs, and then subjected to SDS disc gel electrophoresis, only one protein band (Mr, GA-I:
53,000 and GA-II: 54,000) appeared, respectively. This
Glucoamylases from Monascussp. strongly suggests that each enzyme has a monomeric structure. As mentioned above, each enzyme, GA-I and GA-II, gave one band on polyacrylamide disc gel electrophoresis.
Furthermore, staining the gel with a periodic acid Schiff staining reagent18) after electrophoresis revealed that the protein band corresponded to the carbohydrate. Thus, we concluded that the purified enzyme preparations were glycoproteins.
The carbohydrate contents of the emzymes, GA-I and GA-II, determined by phenol-sulfuric acid mehtod19) were 13.5 and 9.4%, respectively. The limits of hydrolysis of soluble starch by GA-I and GA-II were 65 and 70%, respectively.
Reaction products from soluble starch hydrolyzed by the purified GA-I or GA-II were analyzed by the paper chromatographic method. After 30min incubation, only glucose was detected and the amount of glucose released increased with incubation time. Noother sugars or oligosaccharides were detected during 100-hr incubation. The Km values of GA-I and GA-II toward soluble starch were estimated to be 2.9 and 2.5mg/ml, respectively. These values are similar to those of GA-I of Monascus kaoliang (4.1 mg/ml15)) and GA-II of Aspergillus oryzae (6.3 mg/ml6)), but are larger than those of GAof Aspergillus awamori (0.15 mg/ml5)), GA of Trichoderma viride (0.03mg/ml16)) and GA-II of Monascus kaoliang (0.08 mg/ml15)). The pH dependence of hydrolysis of soluble starch was examined in various buffers. The pH optima for GA-I and GA-II were found to be 4.5 and 4.8, respectively, for soluble starch. These values are similar to those of other fungal glucoamylases, such as those from Aspergillus awamori,5) Aspergillus oryzae,6) Aspergillus niger,7) Rhizopus sp.,8) Mucor rouxianus9) and Trichoderma viride.1^The purified GA-I and GA-II were stable in the pH ranges of 3.6 to 6.5, and 4.5 to 7.0, respectively, when kept at 50°C for lOmin. Although the temperature optimum was 55°C for the activities of both GA-I and GA-II toward soluble starch, they seemed to differ in thermal responsibility from each other. GA-I was stable up to 40°C and GA-II up to 30°C, when kept for lOmin. The relative activities of GA-I and GA-II at 50°C were 80 and 50%, respectively,
The effects of various compounds on the enzymatic activities were examined, at a concentration of 1 mM,at pH 5.0. The activity of each enzyme was impaired mark- The detailed physicochemical and enzymological properties of the enzymesare currently under investigation.
